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CHAPTER I 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background and Motivation 
 
Recent advances in wireless communication technology and portable 
computing devices such as wireless handhelds, Personal Digital Assistants (PDAs) 
and other mobile information terminals are driving a revolutionary change in our 
information society towards the era of mobile communications.  Mobile users can 
utilize several electronic platforms simultaneously through which they can access all 
the necessary information whenever and wherever required [1].  The nature of 
ubiquitous devices makes wireless networks the easiest solution for their 
interconnection and, as a consequence, the wireless arena has been experiencing 
rapid growth in the past decade.  Not only are the mobile devices getting smaller, 
cheaper, more convenient, and more powerful, they also run more applications and 
network services, thus fueling the explosive growth of mobile computing equipment 
market.  The ever increasing demand for the Internet access anytime anywhere has 
generated vast interest and intensive works in developing and improving wireless and 
mobile network protocols for portable computing devices. 
 
Today, the widely deployed network type is based on a centralized approach 
that requires a network point of access, commonly called the Access Point (AP), to 
serves as a gateway between the mobile device and the Internet.  While 
infrastructure-based networks provide a great way for mobile devices to gain 
network services, it takes time and potentially high cost to set up the necessary 
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infrastructure [2]. Because of the limitation of radio range, radio must be within the 
vicinity of an AP to be connected. This is undesirable due to the cost of time 
especially in the marketing world.  Additionally, it is important to note that, in the 
cases of natural catastrophe, war, or geographic isolation, communication 
infrastructure may be broken down or overloaded; thus, the network connectivity 
may not be always attainable [3]. In the situations where required networking 
connections are not available in a given geographic area, providing the needed 
connectivity and network services becomes a real challenge.  Ad hoc technologies 
have emerged to solve this problem.  
 
Mobile Ad-hoc Network (MANET) is a collection of mobile computing 
devices that communicate via wireless links, without the aid of infrastructures such 
as base-station [4].  Its topology is dynamic and nodes are free to join or leave 
arbitrarily.  Traditionally, ad hoc technology has only been exploited in tactical 
networks to improve battlefield communications.  Early ad hoc networking 
applications can be traced back to the Packet Radio Network (PR Net) project of 
Defense Advanced Research Projects Agency (DARPA) in 1972, which was 
primarily inspired by the efficiency of the packet switching technology, such as 
bandwidth sharing and store-and-forward routing, and its possible application in 
mobile wireless environment [5].  In the middle of 1990, with the introduction of 
new enabling technologies such as IEEE 802.11 and Bluetooth, commercial radio 
technologies have begun to appear on the market [5].  Lately, the wireless research 
community became aware of the great commercial potential and advantages of 
MANET outside the military arena due to the wide diversity of the potential MANET 
applications, ranging from the instantaneous conference in classroom to vehicular 
services [1]. 
 
Due to the characteristics of MANET, an adaptive and distributed routing 
protocol is necessary to provide a communication platform that is solid and dynamic 
in the face of widely fluctuating wireless channel characteristics and node mobility.  
Many existing proposed routing protocols have been evaluated and compared on the 
basis of simulation results [6, 7, 8, 9, 10].  In reality, connectivity and performance in 
MANETs can be affected by several factors, such as the limitations of Operating 
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System (OS) protocol stack and slow buffer allocation, and simulations cannot 
account for all of them [11].   
 
1.2 Problem Statement 
 
Traditional routing protocol designed for use in wired environment can no 
longer be applied to wireless and mobile network.  Designing of routing protocol in a 
wireless environment with high mobility is not trivial.  Many considerations are 
required prior to protocol development.  The challenges in designing routing 
protocols for wireless networks include [12]: 
 
a) Redundant routes - In wired networks, only one or a small number of 
routers are used to connect two networks.  In wireless network, there may be 
several gateway nodes due to the wireless channel properties.  Using the 
traditional routing protocol will cause generation of redundant paths and 
waste of bandwidth, computation and storage. 
b) Periodic routing updates – Cost of sending routing updates is much greater 
in a wireless network than in a wired network due to the limitation of 
bandwidth and energy.  
c) Node mobility - Wireless network links continuously change due to node 
mobility and environmental conditions.  Convergence to stable routes may be 
too slow to produce useful information if routing updates are not sent often 
enough.  But if too often, it is a waste of channel bandwidth and device power.  
Thus, an adaptive routing protocol is necessary. 
 
When routing updates are large and periodic updates are often, high control 
message overhead is required and thus wastes the bandwidth.  Routes may not be 
energy-efficient.  Dynamic topology imposed by mobility may prevent routing 
protocol convergence as in traditional routing.  Hence, to conserve the power 
consumption, the followings parameters should be taken into consideration when 
developing a routing protocol [1]: 
 
- Route relaying load 
- Battery life in route selection 
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- Reduction in the frequency of sending control messages 
- Optimization of size of control headers 
- Efficient route reconfiguration 
 Secondly, most of the current research works use simulation to investigate the 
performance issues and evaluate the practicality of realizing a MANET.  However, 
even the most detailed simulation models available do not model various limitations 
of a real wireless network.  These include the limitations of the interface hardware, 
such as limited buffer space, limitations due to OS protocol stack implementation 
and slow processor such as slow memory buffer allocation, or various random 
sources of errors in the wireless physical layer [13].  Simulation often makes many 
assumptions that are restricted to the expertise level of the researcher.   
 
Apart from that, several research works have pointed out problems that could 
not be detected by preceding simulation studies.  One of them is the gray zone 
communication problem for IEEE 802.11b based MANET [14].  In such zones, it is 
possible to receive broadcasts but it is unlikely to successfully send or receive unicast 
messages.  This problem leads to invalid routing table entries for protocols that 
establish their routes using HELLO messages.  Therefore, it made real test bed 
implementation an important step before developed protocols can be promoted to 
standards.  Constructing a real system is not a trivial task since it is typically 
expensive and remains limited in terms of working scenarios, mobility models and so 
on.  Hardware and software acquisition need to be done carefully to select the 
appropriate mobile computing devices and operating platform. 
 
Currently, the MANET routing protocols being proposed in Internet 
Engineering Task Force (IETF) MANET Working Group (WG) Charter are Ad Hoc 
on-demand Distance Vector (AODV) [15], Dynamic Source Routing protocol (DSR) 
[16], Optimized Link State Routing protocol (OLSR) [17] and Topology Based 
Reverse Path Forwarding protocol (TBRPF) [18].  Performance comparisons have 
been made among these protocols based on simulation works [6, 7, 8, 9, 10].  In 
addition to its reactive nature that suits the resource-limited mobile computing 
devices, AODV has been proved to be in the favorable manner with good 
performance in most of the simulation works such as those in [19] and [20].  
Therefore, AODV has been widely used in the implementation works such as in 
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UoB-JAdhoc, which is a Java-based AODV implementation by University of 
Bremen [21] and AODV-UCSB, which is the AODV implementation done by 
University of California, Santa Barbara [22].   
In AODV [15] and AODVbis [23], route request message is broadcast to all 
reachable neighbors, which will do the same until the desired route is found.  
Frequent broadcast of route request messages will cause network congestion and 
degrade the performance of routing protocol.  On the other hand, conventional 
multicast requires the organization of group membership before the data or control 
message can be distributed [24].  Geocasting algorithm is therefore an interesting 
alternative to conventional multicast.  It defines forwarding and multicast zones 
based on the geographical location of the nodes [25].   
 
 
 
1.3 Research Objectives 
 
The objectives of the research work are to develop an enhanced MANET 
routing protocol and to verify its operation in a real MANET test bed.  The proposed 
enhanced MANET routing protocol should be able to produce wider route 
dissemination, reduce the processing delay and routing overhead, and utilize the 
location information of nodes. 
 
 The existing AODVbis routing protocol will be developed and further 
extended to utilize the position information of nodes for routing purpose.  Both the 
algorithm designs involved in coding the AODVbis routing module and the proposal 
of the geocast enhancement feature are our original ideas.  This geocast-enhanced 
AODVbis routing protocol should be capable of reducing the routing overhead 
caused by frequent broadcast of control message in the MANET.   
 
 
 
1.4 Scope of Work 
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The scope of this research work includes the development of MANET test 
bed consisting of laptops, desktops and PDAs; each of them works on Linux-based 
operating platform.  The AODVbis routing module is developed and coded to run at 
the kernel space instead of user memory to reduce kernel-to-user crossing delay.  The 
impact of the Path Accumulation feature on the route dissemination in the MANET 
is studied.  The second part of the work involves the coding of the geocast module, 
which is to be integrated with the AODVbis routing module.  This involves the 
linking of the geocast-enhanced AODVbis routing module with the location 
information produced by the location monitoring tool, which is installed in each node 
in the test bed.  Once the geocast-enhanced routing protocol is developed, it is 
verified in the real MANET test bed through several experiments.   
 
 
 
1.5 Research Approach 
 
The development process can be broken into six phases.  During the first 
phase, hardware and software required for MANET testbed setup are identified.  
Hardware includes laptops, desktops and PDAs, equipped with wireless cards or 
USB adapters, while software means OS, the development tools and the necessary 
drivers.  Linux-based OS is chosen due to its open-source nature, availability and 
familiarity.  Wireless adapters must be able to work with Linux kernel.  Lastly, Linux 
kernel module programming skill is acquired with the aid of [26].  
 
 While setting up the MANET test bed, wireless cards and adapters are 
installed in every participating node in the test bed.  Patches for incompatible drivers 
of wireless adapter are also installed to make sure that the wireless devices works 
properly in each kernel version of Linux being used.  The interoperability among 
different type of wireless devices is tested as well.  A MANET testbed is developed 
based on the freely available kernel-AODV implementation by National Institute of 
Standards and Technology (NIST) in United States.  Multihop communication is 
verified to evaluate the practicality of realizing a MANET. 
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 Prior to the designing and coding stage, different types of ad hoc routing 
protocols are analyzed.  Both the AODV and AODVbis routing protocols are 
reviewed and compared.  Next, the state diagrams of AODVbis operation are 
constructed for each module.  The routing module is developed as a loadable kernel 
module at kernel space to avoid the costly kernel-to-user crossing for store-and-
forward and to improve efficiency [27].  No recompilation is required.  Since the 
routing module is operated in kernel space, communication with the user space is 
done via the Linux /proc file system.  Any information especially the routing table 
can be read by calling the /proc file.  Coding is done by C language on Linux-based 
platform. 
  
The proposed routing module is installed in each participating node in the 
testbed.  MAC-Kill tool is acquired and installed so that testing and debugging can 
be done within close physical distance among nodes.  The GPS-free location 
detection feature has also been installed in each MANET node so that geocast 
enhancement in AODVbis can be deployed in the testbed.  The geocast-enhanced 
AODVbis routing module is then verified in the real MANET test bed. 
 
 
 
1.6 Significance of Research Work 
 
Implementing a routing protocol in a real test bed is very important to 
validate its design.  Coming up with a clean implementation not only helps better 
understanding of the protocol nuances, but also allows extensions to explore the 
protocol design space.   
 
The utilization of node position information in the proposed geocast-
enhanced AODVbis routing protocol aids to decrease the number of broadcast 
message generated in the MANET during the route discovery.  Without the use of 
location information, AODVbis control messages are broadcasted to all neighbors in 
the network, which could possibly lead to broadcast storm.  The geocast 
enhancement feature is capable to reduce the overall network traffic and the 
possibility of the occurrence of the broadcast storm. 
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1.7 Thesis Layout 
 
The content of the thesis is organized as follows. Chapter two describes the 
generic characteristics of MANET and survey of current routing protocols designed 
for the highly dynamic MANET.  Not all protocols are mentioned here, but rather 
those protocols that are intuitively relevant for our case of network.   
 
Chapter three depicts the setup and configurations of MANET testbed, by 
pointing out some relevant topics such as the development platform including 
hardware and software, the interaction between user and kernel space of the OS in 
question and the functional representation of the whole work.   
 
The test bed is set up to run the AODVbis routing module.  The details of the 
development of AODVbis routing module are presented in chapter four while 
chapter five portrays the different test scenarios and the results obtained during the 
implementation and the verification of the developed routing module in the MANET 
test bed. 
 
Chapter six elaborates the development and verification of the geocast-
enhanced AODVbis routing module with the aid of the log messages generated by 
participating node in the test bed and finally, chapter seven presents the conclusions 
of the thesis and identifies some areas for future work.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
